B cells but show a profound deficiency of the mature subset of B cells. Responsiveness to TI-2 antigens, a hallmark of mature B cells, is nearly totally absent in xid mice. Likewise, the expression of Mls determinants is held to be negative in these mice (6) . For the xid mouse model to be relevant to normal B cell development, however, it is important to know whether (1) the B cells in xid mice are the precise counterpart of the immature set of B ceils in normal mice and (2) whether the deficiency of the mature B cell subset in xid mice indeed reflects an absence of these cells rather than aberrant differentiation. These questions have yet to be resolved.
Our approach to the second of these two questions has been to reinvestigate the claim that xid mice fail to express Mls determinants. The results show that by a variety of parameters, including negative selection of T cells through irradiated hosts, even very young xid mice express MIs a'a determinants. If Mls a'd expression is a valid marker for mature B cells, then these data imply that xid ÷ mice do contain cells that manifest at least some of the properties of mature B cells.
Materials and Methods
Animals. (CBA/N x DBA/2)F1 males and females were bred at the Institute for Cancer Research, Philadelphia. The (C57BL/6(B6)XCBA/J)Fb BALB/c, CBA/J, CBA/ Ca, and P/J mice were all purchased from The Jackson Laboratory, Bar Harbor, ME.
Primary Mixed Lymphocyte Responses (MLR).
The medium used for all cell cultures was RPM1 1640 with 10% fetal calf serum (FCS), 5% NCTC 109, glutamine, 5 x 10-SM 2-mercaptoethanol, and antibiotics. 1-2 x 105 lymph node cells or thoracic duct lymphocytes (TDL) were cultured in flat-bottom microtiter plates with 5 × 105 irradiated (1,500 rad) spleen cells as stimulators. The cultures were pulsed on day 3 or day 4 with 0.5 #Ci [SH]-thymidine and harvested ~ 18 h later.
T Cell Clone. The T cell clone, D7, was produced and characterized as described previously (4) . Briefly, B10.D2 lymph node (LN) cells were cultured for 14 d with irradiated (3,000 tad) DBA/2 spleen cells. The viable cells were restimulated with irradiated DBA/2 spleen cells and cloned by limiting dilution 24 h later in the presence of 10% interleukin 2 (IL-2)-containing rat concanavalin A supernatant. Clones were 4 5 assayed by culturing 2 X 10 cloned cells with 3-5 X 10 irradiated spleen stimulator cells in round-bottom microtiter plates. These cultures were pulsed with ['H]thymidine on day 2 and harvested on day 3. This particular clone proliferates in response to spleen cells from all Mls ~' positive strains tested including: DBA/2, CBA/J, D1.LP, AKR/J, NZB, and SM. The clone does not respond to spleen cells from any of 13 MIs a'd negative strains tested of various H-2 haplotypes and backgrounds.
Negative Selection. The procedure for negative selection was similar to that described previously (3 Fig. 1 a) , strong responses were observed to both male and female F~ stimulators of all ages tested (3, 4, 5, and 7 wk). The response to young (3-5 wk) F~ male stimulators was somewhat lower than to female stimulators in the experiment illustrated, but this was not a constant finding in other experiments. In contrast to anti-H-2 MLR, there was a marked difference in the capacity of young male vs. female FI spleen cells to elicit anti-Mls a'd responses ( Fig. 1 b) . Whereas female mice of all ages stimulated strong anti-Mls a'a MLR, young (3-5 wk) male mice gave only minimal (<twofold) responses. Interestingly, however, older (7 wk) male mice generated appreciable anti-Mls a'a responses. Similar data were observed in several other experiments. Young (<5 wk) male F1 mice consistently evoked only low (<twofold) anti-MIs responses, whereas older mice (8-30 wk) invariably generated responses which, though always lower than to female cells, were 5-20-fold above background. To confirm the existence of the xid defect in the male F~ mice, each individual spleen cell donor in the experiment shown in Fig. 1 was given TNP-Ficoll (20 #g intraperitoneally) 6 d before. Whereas spleens from the female donors all gave high anti-TNP responses (30,000-50,000 plaque-forming cells (PFC)/spleen), anti-TNP responses were completely undetectable (< 100 PFC/spleen) in the male donors of all ages tested (see Materials and Methods).
The responder cells in the above experiments were normal LN cells. Table I illustrates that similar results were obtained with a well-characterized Mls a'dspecific T cell clone. It can be seen that the clone gave definite responses with Arithmetic mean of triplicate cultures; SD were within 20% of the mean.
7-and 30-wk-old F~ male stimulators, the response being somewhat less with 7-wk mice.
Negative Selection ofT Cells to Mls a'd Determinants in xid Mice.
Previous studies have demonstrated that T cells filtered from blood to thoracic duct lymph through irradiated hosts undergo specific negative selection to host Mls a'a and H-2 determinants (3). Since very young Fl male mice elicit only minimal antiMls ~'d MLR, would such mice fail to induce negative selection to Mls determinants? As shown in Table II ,d) ; responsiveness to third-party H-2 ailoantigens (P]J) was retained. Similar findings were observed with filtration through 3-wk female F1 mice. With filtration through 3-wk male Ft mice, however, anti-Mls responses were greatly reduced but not abolished; responses to host H-2 determinants were completely undetectable. Another experiment gave similar results.
Xid Mice Are Tolerant to Self Mts a'a Determinants. In two experiments, one of which is shown in Table III , LN cells from male and female F1 mice gave little if any response to Mls a'a determinants. Responder cells from 10-wk male and female F1 mice were both totally unreactive to Mls a determinants on DBA/2 stimulators. Young (2 wk) mice responded slightly better to DBA/2 than to syngeneic (autologous) stimulators. This "response," however, was minimal, no higher with F~ male than female responders and largely attributable to the lower background counts seen with young autologous stimulators.
Discussion
Collectively, the data in this paper indicate that xid ÷ (CBA/N x DBA/2)F~ male mice do express Mls a'a determinants, despite the total inability of these mice to respond to the TI-2 antigen, TNP-FicolI. At 7-30 wk of age, F1 male mice invariably stimulated conspicuous anti-Mls a'd MLR, either with normal LN cells or a T cell clone as responders. These responses were usually in the range of * BALB/c LN cells were filtered from blood to thoracic duct lymph through irradiated mice (see Materials and Methods) and then tested in mixed-lymphocyte culture against the stimulator strains listed. * As for Table I. § Although the Mls allele of P]J is unknown, this strain does not stimulate our Mlsa'd-specific T cell clone; hence the allele is presumably either Mls b or Mls¢. s Cells used in MLR were pooled from two selection hosts. It is worth stressing that the precise age of the stimulator cell donors in the above three studies was not stated. This is an important point because Ahmed et al. (11) 
Summary
Evidence is presented that mice with X-linked immunodeficiency (xid) express strong Mls a'a determinants, a putative marker of the mature subset of B cells. Although young (3-5 wk) (CBA/N x DBA/2)Fl male (xid +) mice stimulated only very weak mixed lymphocyte reactions (MLR) to Mls a'd determinants, older mice (>7 wk) regularly elicited conspicuous responses, despite being totally unresponsive to TNP-FicolI.
Expression of Mls a'a determinants by xid + mice was also detected by the procedure of negative selection in vivo. Thus BALB/c T cells were totally depleted of Mls ~'a reactivity after blood to lymph recirculation through 10-wk old irradiated xid + (CBA/N × DBA/2)I male mice. Significantly, a marked (90%) reduction in the anti-Mls a'd response also occurred with T cell filtration through 3-wk xid + mice, i.e., mice that elicit only minimal primary MLR; filtration through 3-wk xid-normal female mice led to near-complete (99%) negative selection.
Collectively these data indicate either, (a) that xid + mice contain appreciable numbers of cells with at least some of the properties of mature B cells, or (b) that the expression of Mls a'd determinants is not restricted to mature B cells. In either
